Nonvalvular atrial fibrillation (AF) is implicated in approximately 15% of ischemic strokes. 1 In a meta-analysis of six randomized trials, dose-adjusted warfarin decreased stroke occurrence from 4.5 events per 100 patient-years with placebo to 1.5 events per 100 patient-years with warfarin (62% relative risk reduction).
in Atrial Fibrillation Trials (SPAF I and II), about two-thirds of strokes were classified as cardioembolic. 5, 6 Aspirin (ASA) was shown to have a greater effect on preventing noncardioembolic strokes than those classified as cardioembolic. 5 In contrast, warfarin had greatest impact on cardioembolic events. 6 Recent data from two large double-blind randomized trials (Stroke Prevention using an ORal direct Thrombin Inhibitor in atrial Fibrillation [SPORTIF] III and V) indicate that the oral direct thrombin inhibitor ximelagatran is non-inferior to warfarin in reducing the risk of stroke in patients with nonvalvular AF and at least one additional risk factor for stroke. 7, 8 The objectives of this substudy are to assess the ischemic stroke mechanisms in the patients enrolled in both SPORTIF trials, and evaluate whether treatment with warfarin versus ximelagatran had a differential effect on the risk of cardioembolic versus noncardioembolic stroke.
MATERIAL AND METHODS
The SPORTIF III and SPORTIF V studies were both phase III prospective randomized clinical trials involving AF patients with a high risk of stroke. SPORTIF V was a double-blind study comparing adjusted-dose warfarin (target international normalized ratio 2.0-3.0) to fixed-dose ximelagatran (36 mg twice daily). SPORTIF III was an open-label study similar in all other aspects to SPORTIF V. The rationale, design, and patient characteristics have been previously described. 9 Although SPORTIF III was not blinded, the study affiliated neurologists and the Central Events Adjudication Committee (CEAC) were not aware of the antithrombotic therapy administered. Entry criteria were based on current guidelines for anticoagulation and required at least one of the following risk factors in addition to persistent or paroxysmal nonvalvular AF: previous stroke, transient ischemic attack (TIA), or systemic embolism; hypertension; left ventricular dysfunction (ejection fraction <40% or symptomatic heart failure); age 75 years or older; or age 65 years or older with coronary disease or diabetes. 7, 10 Clinical characteristics were balanced between treatment groups 9 and similar to those of cohorts in earlier trials demonstrating superiority of warfarin over placebo for prevention of AF-related stroke. 7, 8 Primary events (ischemic or hemorrhagic stroke, or systemic embolism) were evaluated as early after onset as feasible, based on clinical findings and results
Table 1: Criteria for classification of ischemic stroke

Cardioembolic (includes definite and probable)
All of the following: No antecedent TIA in the same vascular distribution within two weeks of stroke onset Maximal neurological deficit at stroke onset CT or MRI evidence of lesion ≥20 mm involving cortex or symptoms suggesting cortical involvement Arterial imaging showing no evidence of significant occlusive disease Or, one of the following: At least two of the above, no lacunar syndrome present, and arterial imaging confirming the absence of significant cerebral or cerebellar arterial disease Vertebrobasilar distribution and all of the above true, but no arterial imaging, or arteriogram consistent with cardioembolic mechanism
Noncardioembolic (includes lacunar, atherothrombotic, and miscellaneous causes)
Probable lacunar stroke (all of the following): Clinical presentations of lacunar syndrome, these being pure motor hemiparesis, pure sensory stroke, ataxic hemiparesis, dysarthria clumsy hand syndrome Age >60 years, or history of hypertension or diabetes mellitus CT or MRI performed >72 hours after stroke shows appropriate subcortical lesion <20 mm in diameter or demonstrates no lesion appropriate to the stroke No obvious other cause of small vessel disease (eg, vasculitis) Arterial imaging showing no evidence of significant occlusive disease Probable atherothrombotic stroke (all of the following): CT or MRI excludes nonischemic lesions and subcortical lesions <20 mm in diameter that could account for the symptoms Arterial imaging showing evidence of significant arterial disease* Miscellaneous specific causes: Ischemic stroke due to uncommon causes when sufficient evidence exists to clearly define the cause (e.g. carotid dissection)
Uncertain cause of ischemic stroke
Strokes documented to be ischemic by CT or MRI not fitting into one of the above categories CT -computerized tomography; MRI -magnetic resonance imaging; TIA -transient ischemic attack; *≥50% linear stenosis in proximal large vessel supply documented by conventional arteriography, magnetic resonance angiography, or duplex ultrasound; or ≥2mm ulceration in proximal large vessel supply documented by conventional angiography. of computerized tomographic (CT) or magnetic resonance imaging (MRI) of the brain. A majority of patients (89%) had a CT or MRI as part of their assessment. To increase detection of vascular events, a standard questionnaire was administered by phone every six months, and positive responses would lead to additional evaluation by study-affiliated neurologists (also blinded to treatment). An independent, blinded CEAC then reviewed the reports for both SPORTIF studies. The stroke subtypes were determined by the CEAC according to a predetermined set of criteria used in the SPAF trials 5 (Table 1 ). All strokes were considered ischemic except primary brain hemorrhages. Primary brain hemorrhages include intracerebral hematoma and subarachnoid hemorrhages. Subdural and epidural hematomas were counted as serious adverse events and were included with the systemic bleeding events. Ischemic strokes with hemorrhagic transformation were included in the ischemic group, but were identified as a subgroup for later analysis. In those patients with hemorrhagic transformation, the size of the hemorrhage was not recorded. Ischemic strokes were classified as probably cardioembolic, probably noncardioembolic, or of uncertain cause. Noncardioembolic causes included large vessel atherosclerosis, lacunes, and miscellaneous known etiologies. If the focal neurological event lasted less than 24 hours, it was classified as a TIA. This classification is a clinical one, and does not change according to CT result. In the cases where a subject had two different types of stroke, both stroke subtypes were included.
Patients who died within 30 days of the onset of stroke were regarded as having a fatal stroke. A stroke was defined as having a poor outcome if it met one or more of the following criteria: an increase (relative to screening) of the Modified Rankin score to a final score of three or more when tested at three months post stroke; a decrease (relative to screening) in the Barthel score to ≤60 at three months post stroke; or a fatal stroke.
In order to define the effects of ximelagatran versus warfarin, strokes were analyzed using an on-treatment analysis. For this analysis, all endpoints that occurred after more than 30 consecutive or 60 cumulative days of randomized treatment were excluded. Strokes occurring in both studies (SPORTIF III and V) were pooled for analysis of the relationship between stroke subtypes, clinical outcomes, and antithrombotic therapy, thereby using the largest possible number of events. In this study, we also analyzed the occurrence of myocardial infarction (MI), fatal stroke, disabling stroke, and death during the on-treatment period.
Statistical Analysis
Event rates (% per patient-year) are presented for each stroke subtype by study (and as a pooled population) and by treatment. A constant event rate with exponentially distributed time to event was assumed, where the patient years are the denominator and the number of patients with at least one event is the numerator. 9 P values are from log-rank tests done to test differences between treatment group event rates.
Assessment of adverse events according to stroke subtype was performed using a Pearson chi-square test for independence. For tests involving low event numbers, Fisher's exact test was used.
RESULTS
Number of Patients with Events by Stroke Subtype
When the results of SPORTIF III and V were combined, among a total of 7329 participants, 126 patients had at least one ischemic stroke and 14 had a primary brain hemorrhage during the on-treatment period. In those patients taking warfarin (78 patients with strokes out of 3665 total), 9 patients had strokes which were primary brain hemorrhages (9/78 or 11%), 24 had In the ximelagatran group (61 patients with strokes out of 3664 total), 5 patients had events which were primary brain hemorrhages (8%), 19 had ischemic strokes considered probably cardioembolic, 28 had strokes which were probably noncardioembolic, and 9 had ischemic strokes which were of uncertain cause. Therefore, in the ximelagatran group, 31.1% (19/61) of all patients with strokes and 33.9% of all patients with ischemic strokes had strokes which were likely cardioembolic (19/56). Of the patients with classifiable strokes, 40.4% (19/47) had strokes which were considered to be cardioembolic in origin.
Event Rates in the two Treatment Groups
The difference in event rates between the treatment groups was significant only for patients with strokes classified to be of uncertain cause where the event rate was higher in the warfarin compared to the ximelagatran group (SPORTIF III and V combined, 0.53% per patient-year versus 0.18% per patient-year, respectively; P<0.01 [ Table 2 ]). Otherwise, there was no statistically significant difference in yearly event rates based on stroke subtype.
Incidence of Hemorrhagic Transformation According to Stroke Subtype
The CEAC recorded the presence of hemorrhagic transformation among the ischemic strokes. A total of eight events were recorded, and none of the transformations were clinically symptomatic. There was no association with any particular stroke subtype, a specific anticoagulant, or with concomitant ASA therapy.
Concomitant ASA Usage and Stroke Incidence
Concomitant use of ASA was not associated with any reduction in the overall incidence of ischemic stroke (2.2% annual stroke rate in patients using concomitant ASA versus 1.8% without ASA) and there was no apparent reduction in any of the stroke subtypes. The incidence of cardioembolic stroke was 1.1% and 0.8% (ximelagatran and warfarin, respectively) in those taking concomitant ASA compared with 0.4% and 0.6%, respectively, in those on an anticoagulant alone (Table 3) . For noncardioembolic stroke, the incidences were 0.9% and 0.2% (ximelagatran and warfarin, respectively) in those taking concomitant ASA compared with 0.7% and 0.6%, respectively, without concomitant ASA. None of these differences were significant, and with non-randomized groups, no conclusions could be drawn. There were no primary brain hemorrhages in the group taking concomitant ASA.
Clinical Outcome According to Stroke Subtype
Outcome was assessed using the categories 'death by any cause, fatal stroke, disabling stroke, and MI' (Table 4 ). There was a trend toward more fatal strokes in the cardioembolic group when compared with all other ischemic stroke patients (noncardioembolic and uncertain cause) combined (P=0.09), as well as a significantly higher incidence when compared directly with the noncardioembolic group (P=0.04, no longer in Table 4 ). Among patients who suffered an ischemic stroke, there were a total of four myocardial infarctions; three out of four occurred in patients with a cardioembolic stroke (one occurred in a patient with a stroke of uncertain cause). When fatal stroke, disabling stroke, MI, and death from any cause were combined under the rubric of poor outcome, patients with a cardioembolic strokes had the highest incidence of poor outcome (40% versus 25%), although this was not statistically significant when compared to strokes of noncardioembolic and uncertain causes combined.
DISCUSSION
Among AF patients who are not receiving anticoagulants, the majority of ischemic strokes are of cardioembolic etiology. However, because of those factors that make them high risk such as age, hypertension and diabetes, they are also at risk for atherothrombotic disease and thrombotic stroke. In previous analyses of the Stroke Prevention in Atrial Fibrillation Trials (SPAF I and II), about two-thirds of strokes were classified as cardioembolic, 5, 6 and warfarin clearly had greatest impact on cardioembolic events. Because of this conclusion, patients with atrial fibrillation at risk for atherosclerotic events are often put on additional ASA without proof of benefit. Ximelagatran was shown to be non-inferior to warfarin for the prevention of ischemic events without the risks of unstable blood levels and without the need for frequent blood tests. It was not known, however, if it had the same differential effect on stroke subgroups. One could only assume that ximelagatran, like warfarin, would decrease cardioembolic events more than atherothrombotic ones. Also, it was possible that outcome might be different with the different drugs, and outcome can be quite different for different stroke subtypes. This is what we set out to study.
In the SPORTIF studies, patients in both the ximelagatran and warfarin groups had extremely low rates of cardioembolic stroke (0.4% per year with ximelagatran and 0.5% per year with warfarin). The expected ratio of cardioembolic to noncardioembolic stroke in patients with AF is typically at least 2:1 in nonanticoagulated patients. In the SPORTIF trials, noncardioembolic ischemic strokes occurred at essentially the same rate as cardioembolic strokes. These findings suggest that both anticoagulants studied had a greater impact on preventing cardioembolic events. This conclusion is compatible with the results of a similar analysis performed on the SPAF database which suggested that warfarin is more effective for prevention of cardiac embolism while the benefits of ASA are predominantly on noncardioembolic events. 5, 6 Although our data set is limited by a relatively small number of strokes, there is no evidence that ximelagatran and warfarin differed in their effect on either cardioembolic or noncardioembolic stroke. The lower rate of ischemic stroke of uncertain cause in the ximelagatran group compared with the warfarin group is difficult to interpret due to the small number of events and uncertainty regarding the stroke mechanisms involved. The trend toward fewer primary brain hemorrhages deserves further study.
The SPORTIF III and V trials were not powered to assess the benefits of ASA either alone or in combination with an anticoagulant and ASA use was not randomized. However, about 14% of the patients took ASA for at least 50% of the time that they were in the study along with their randomized anticoagulant. These patients did not have lower stroke rates compared with patients who received only an anticoagulant. In fact in a recently reported analysis of the pooled SPORTIF data, after adjustment for potential co-founders in a multivariate analysis, combination therapy with both ASA and anticoagulation was associated with a higher rate of ischemic stroke compared to anticoagulation alone. 11 In addition, bleeding risks are increased by combination therapy. 11, 12 Our data, however, can not be used to draw any conclusions regarding the combined use of an anticoagulant and aspirin as the analysis was neither randomized nor significant. A randomized trial of anticoagulant with or without ASA would be needed to answer this question. Our data does not allow any conclusions but certainly does not support the use of concomitant ASA for simple stroke prevention in patients with AF.
Poor functional outcomes (MI, death, fatal stroke, and disabling stroke) were more common in patients who suffered a cardioembolic event, but the result did not reach statistical significance. This is compatible, however, with several other studies that have reported an increase in medical complications and poorer outcome after cardioembolic stroke. 12 Our data also demonstrate that there were fewer deaths in the noncardioembolic subgroup compared with the other groups. This finding has also been reported by others. 13, 14 Petty et al, 13 in their study of outcome survival and recurrence according to subtype, found that despite a higher recurrence rate and more disabling strokes in the noncardioembolic group, the group with ischemic strokes caused by arteriosclerosis had better long-term survival than those with cardiogenic stroke, even after adjustment for age, sex, AF, ischemic heart disease, congestive heart failure, and stroke severity.
Recently, ximelagatran was withdrawn from the market because of adverse events involving hepatic function. One could then wonder as to the pertinence of this and the SPORTIF studies. The studies show that an oral thrombin inhibitor can be as effective as warfarin for the prevention of stroke in patients with atrial fibrillation without the need for frequent monitoring and therefore without the risk of hemorrhage related to INR increases beyond the therapeutic levels. Our study shows that the stroke subtypes prevented by a thrombin inhibitor are similar to those prevented by warfarin. Although this particular antithrombin medication has been withdrawn, others are being developed that will hopefully avoid the hepatic side effects. For this reason, the information gleaned from studying ximelagatran remains pertinent.
SUMMARY
In the SPORTIF studies the efficacy of warfarin and ximelagatran appeared to be similar for prevention of both cardioembolic and noncardioembolic strokes, and the incidence of primary brain hemorrhage was very low in both treatment groups. Addition of ASA to warfarin or ximelagatran did not appear to provide additional benefit for the prevention of any stroke subtype. Although not statistically significant, overall survival and outcome was poorer in patients with cardioembolic stroke.
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